Abstract: We investigated the persistence of three medium-sized (2-9 kg), rare forest mammals in the fragmented mist-belt
Introduction
Although indigenous forest habitat supports a high proportion of South Africa's biodiversity (Geldenhuys & MacDevette 1989) , the small total area and highly fragmented nature of the biome makes it difficult to develop effective management strategies for the conservation of forest fauna. Possible approaches to dealing with the problem have arisen from a reconsideration of theoretical aspects of the conservation of wildlife in small habitat patches (e.g., Hanski & Gilpin 1997) , which has accompanied a global trend in the perforation and fragmentation of once continuous habitats. Although it is generally recognized that fragmentation has a detrimental effect on biodiversity, there is hope that animals may persist in metapopulations. A metapopulation is a set of local populations within some larger area, where typically migration from one local population to at least some other populations is possible (Hanski & Simberloff 1997) .
The theory of metapopulation dynamics suggests that when small populations become isolated, they face a higher probability of local extinction than do large populations. Furthermore, certain life-history strategies are more vulnerable to local extinction following habitat fragmentation than are others. For example, species that are naturally rare, that have large home ranges, that are nonvagile, that are dependent on patchy or unpredictable resources, or that are gregarious are all theoretically at risk in fragmented landscapes (Terborgh & Winter 1980; Whitcomb et al. 1981; Recher et al. 1987; Laurance 1990 Laurance , 1991 Lynam 1997; Warburton 1997) .
In a test of species vulnerability to fragmentation, we examined the patch occupancy of three rare forest-dependent mammals: the blue duiker ( Philantomba monticola ), the tree hyrax ( Dendrohyrax arboreus ), and the samango monkey ( Cercopithecus mitis labiatus ) in mist-belt Podocarpus forests of the KwaZulu-Natal midlands, South Africa. These species are of moderate body size (range, 2-9 kg) and differ in their home range requirements (range, 0.7-45 ha). The duiker and hyrax are mainly solitary or found in pairs, whereas the group size of the social samango monkey ranges from 10 to 40 (Lawes 1992) . All three species occur at low population densities, and most forest patches are thought to be below minimum viable size for their persistence (Geldenhuys & MacDevette 1989; Swart et al. 1993; Bowland and Perrin 1995) .
The rare status of these species is ascribed to the fragmentation and destruction of the forest habitat upon which they depend. The Karkloof and Balgowan forests of the KwaZulu-Natal midlands are estimated to be about 40% of their original size (Lawes 1992 ) as a consequence of heavy logging activities from 1860 to 1940. These forests are now under threat from agriculture and commercial forestry plantations (Lawes 1992) , but the major reduction in area and fragmentation of these forests occurred more than 50 years ago (Fourcade 1889; Rycroft 1944) . This is sufficiently long ago for forest mammal populations to have responded to these anthropogenic effects.
Although the theoretical effects of habitat isolation and patch size are well known (e.g., Hanski 1994 a ; Hanski & Gilpin 1997) , their effects on individual species are rarely studied in detail (e.g., Harrison et al. 1988; Thomas et al. 1992) . Part of the difficulty of assessing the persistence and pattern of the distribution of a species in a patchy landscape is that data are frequently limited to presence-absence records, and these data do not easily reveal the processes responsible for the observed patterns. By using observational data and sampling a large set of habitat patches, it is possible to devise incidence functions that describe the probability of a species being present in a patch as a function of its area and isolation from a "mainland" source patch (Hanski 1994 a ) . This useful approach is based on the metapopulation theory of Hanski (1991 Hanski ( , 1994 in which the separate patch populations may have a finite lifetime and stoachastic fluctuations within the populations may cause local extinctions that generate empty habitat patches that are then available for recolonization. We formulated Hanski's (1994 a ) mainland-island incidence function model as a generalized linear model and included environmental effects in the final model (i.e., the matrix is not treated as ecologically neutral). This enables us to use presence-absence data from a single census to show that patterns of occupancy are not consistent among these three rare mammal species in fragmented subtropical forests.
Methods

Study Area
A total of 199 forest patches in the Balgowan and Karkloof districts of KwaZulu-Natal, South Africa (lat 29 Њ 20 Ј S, long 30 Њ 15 Ј E; median elevation 1250 m) were surveyed ( Fig. 1) cuidadosos, la supervivencia de las tres especies ( pero especialmente la de los monos) podría ser prolongada. Sin embargo, debido a que no existen metapoblaciones funcionales de monos, esta es una medida de emergencia. Para el duiker y el hyrax, los parches grandes deberán formar parte de una red de parches más pequeños y más cercanos en una matriz natural.
from January through June 1995. These Podocarpus forests are fragmented and vary in size, isolation (Table 1) , and land-use practices. Livestock farms and a grassland matrix dominate the Balgowan region. Large commercial forestry estates dominate the matrix in the Karkloof range.
Patch boundaries were identified on 1981 orthophotographs (1:10,000) and corrected on a transparent overlay in the field. The corrected boundaries were digitized and transferred into MapInfo 2.1 (a geographic information system suite), and patch areas and isolation distances were estimated
Presence or Absence of Target Species
The occupancy of a patch by a target species was confirmed through field observations and interviews with resident farmers and local inhabitants. In addition to questionnaires and anecdotal accounts, we used vocal- ization playback trials to determine the presence of tree hyrax and samango monkeys. A tape recording of tree hyrax vocalizations was broadcast after 2200 hours, when tree hyraxes are known to vocalize (Fey 1960) . Calls were transmitted from the edge of forest patches and played intermittently (two or three times every 15 minutes) for 3 hours or until a response was obtained. Samango monkey calls were played at dawn and dusk when the monkeys are most active (Lawes & Piper 1992) . Recordings of calls were projected from a high point on the forest edge over the canopy. "Boom" and "pyow" calls were alternated every 5 minutes for up to 1 hour. In some instances the presence of blue duikers was confirmed from field observations of spoor and feces. Sightings of all three species, as well as other visual signs, such as fruit discarded by samango monkeys (the only forest monkey) or tree hyrax latrines, were also used to determine presence or absence. Because all three species are resident and active all year round, it was unlikely that we overlooked any because of seasonal behavioral patterns.
Figure 1. Location of study area in South Africa and the distribution of the 199 forest patches surveyed. The forest landscape is composed of a number of large fragments (mainlands) surrounded by many small patches (islands).
Environmental Factors
We described each forest patch with a set of seven attributes. These attributes were broadly classified as either matrix factors (human population density in the matrix, proximity of human dwellings to a patch, and land-use type in the matrix) or within-patch disturbance factors ( livestock damage to the forest, removal of deadwood and other forest products, fire damage, and extent of historical logging activities).
Human population density Ͻ 1 km from patches was derived from questionnaire data (number of inhabitants per hectare) and ranked as either low ( Ͻ 20 individuals per km 2 ) or high. Human density may have influenced our patch occupancy data in two ways. First, the higher the human density the more likely animal movement through the matrix is impeded. Second, in areas with higher human populations there is a greater probability that one of the three study species will have been seen.
The close proximity of human dwellings to small patches may influence whether individuals disperse or stay in a patch. Distance to human dwellings was coded as either far ( Ͼ 0.5 km) or near.
Patterns of land use and land cover within the matrix were classified into three categories: livestock and grassland, commercial forestry plantation (i.e., commercial plantations of Eucalyptus , Pinus , or black wattle [ Acacia mearnsii ]), and "other." For all three species the least cover was in livestock areas and was regarded as the more dangerous terrain to cross. Commercial forestry by comparison provides dispersing animals with cover. Human population density is highest on "other" lands.
Livestock grazing and trampling damage undergrowth in the forest interior and lead to a reduction in the understory scrub density (Taylor 1986 ). The hyrax and monkey are largely arboreal and are not notably affected. Aggregations of dense shrubs, however, are essential to blue duiker as bed-sites and refuges from predators (Bowland & Perrin 1995) . Livestock damage was coded as low, medium, or high based on a single observer's (P.E.M.) judgement of the percentage of ground cover trampled (low, Ͻ 33%, medium, Ͻ 66%).
Signs of damage caused by the removal of firewood, poles or laths, and medicinal plants from within the forest were noted (e.g., bundles prepared for collection).
The collection of dead wood should have an effect on species occupancy similar to that of livestock damage (cf., du Plessis 1995). The activity increases the predation effect and frequently removes undergrowth. The effect of firewood removal is possibly more serious than livestock damage for all the species and greatest for the duiker and hyrax, who roost in hollows in dead trees. Wood removal damage was subjectively coded by P.E.M. as low, medium, or high.
Indiscriminate burning of the forest margins, indicated by severely damaged ecotones (e.g., freestanding forest trees some distance from the current margins) was coded as low, medium, or high. Fire on the forest margin can alter microclimate within the forest, especially in small forests (Murcia 1995) .
Historical disturbance of forests in the Karkloof and Balgowan districts includes logging of timber for mine props and cabinet making from 1850 until the 1940s (Fourcade 1889; Rycroft 1944) . Saw pits and the lack of large trees (mainly Podocarpus trees, which were popular for their high-quality timber) were used to assess historical disturbance, which was coded as low or high.
Formulation of the Incidence Function Model
The time-consuming process of measuring colonization and extinction rates confounds the practical application of metapopulation models. Incidence functions can provide relative or even absolute rates of extinction and colonization at low cost (Hanski 1994 a ) . To generate state transition probabilities from a species-incidence curve derived from one survey, one must assume that the occupancy of the system at the time of the survey is at equilibrium, maintained by a balance between extinction and colonization rates (Hanski 1994 a ) . This assumption is difficult to test, and the effects of violating it are hard to assess (Hanski 1994 a ) . Models based on transition-incidence curves (i.e., where there are two or more surveys) are relatively free of this assumption (Sjögren-Gulve & Ray 1996) . We were, however, unable to model colonization and extinction separately because we conducted only one survey.
We modeled the presence or absence of a species in any given patch using an incidence function based on a linear, first-order Markov chain with two states, pres-ence or absence. It can be shown that patch j has the stationary probability of being occupied, J j :
(1) (Hanski 1994 a ) , where C j is the constant probability that patch j will be recolonized during the next unit of time and E j is the constant probability of patch j becoming empty (i.e., population goes extinct) during the next unit of time (Hanski 1994 a ) .
To account for the generally observed trends of increasing occupancy with increasing area (Schoener & Spiller 1987; Kindvall & Ahlen 1992) and decreasing isolation (Harrison et al. 1988; Kindvall & Ahlen 1992; Thomas & Jones 1993) , an incidence function model based on a metapopulation consisting of a "mainland" patch with small forest patches around it (Fig. 1) requires the following assumptions (Hanski 1994 a ): (1) the colonization probability, C j , is a negative exponential function of distance from the mainland; (2) the relatively weak dependence of colonization on patch area, a j , is ignored; and (3) the extinction probability, E j , strongly depends on patch area but not on isolation.
Based on these assumptions, a general model of the colonization probability may be formulated as (2) where r j is the distance of the j th patch, or island, from the mainland and ␣ and ␤ are constants. The extinction probability can be modeled by (3) where a j is the area while ␥ and are constants. Substituting equations 2 and 3 into equation 1 yields: (4) where (5) The occupancy of the j th patch, p j , was recorded as zero if it was vacant and unity ( p j ϭ 1) if it was occupied. The model parameters ( , ␤ , and ) were chosen to maximize the agreement between the observed patch occupancy, p j , and the predicted occupancy, J j (Sjögren-Gulve & Ray 1996) . Because the response variable ( J j ) follows the binomial distribution, it can be modeled with a generalized linear model with a logit link function (i.e., logistic regression; McCullagh & Nelder 1989) . The logit function is defined as (6) It can be shown that
The deviance of the fitted model is asymptotically distributed as the chi-squared distribution under the null hypothesis, but this approximation is not always a reliable tool for evaluating goodness of fit (McCullagh & Nelder 1989) . Using the chi-squared statistic, we compared patch occupancy, p j , with the predicted occurrence, J j . In addition, we compared each generalized linear model with K parameters with the null model (i.e., a constant only) because the differences in deviances is known to be approximated better by the chi-squared distribution with K Ϫ 1 degrees of freedom (McCullagh & Nelder 1989) . All modeling was performed with GEN-STAT 5.1 using the MODEL and FIT directives (GENSTAT 5 Committee 1987) to fit the generalized linear models.
Environmental Factors in the Model and Model Selection
It is possible to incorporate an environmental or disturbance factor into the generalized linear model in the following fashion. Rewrite equation 7 as (8) where G 1, j is the value (i.e., the kth "level") of factor one for the jth patch and 1,k is the associated regression coefficient.
Fitting a constant only (i.e., putting ␤ ϭ ϭ 0 in equation 8) results in the null model. For the base model, equation 8 is fitted to the data and all three parameters (, ␤, and are estimated. Use of the null model implies that there is no variation in occupancy among the patches, whereas fitting the base model has two implications. First, the pure mainland-island metapopulation model is fitted without any modification (Hanski 1994a) . Second, the seven environmental factors described above do not influence patch occupancy, and occupancy is only a function of patch size and distance to mainland (equivalent to assuming that i,k ϭ 0 for all i,k).
Including environmental factors in the model resulted in 127 different models. We used Akaike's information criterion (AIC) to objectively select the most parsimonious model (Anderson et al. 1994 and references therein). The model with the smallest AIC value is chosen as the "best" model. Models that differ by Ͻ2.0 in AIC value are regarded as equivalent (D. R. Anderson, personal communication).
Results
Forest Patches
The distributions of forest areas (range, 0.035-1732.0 ha, n ϭ 199) and isolation distances (duiker and hyrax, 0.01-3.70 km; samango monkey, 0.01-13.35 km; Table  1) were highly positively skewed, and all three species mainly occupied the larger patches closest to the main- (Fig. 2) . There was a high co-occurrence of the three species (monkey-duiker, 2 1 ϭ 64.58; hyraxduiker, 2 1 ϭ 136.66; hyrax-monkey, 2 1 ϭ 32.91; all associations were positive, and p Ͻ 0.01; all tests were performed with Yate's correction for continuity). Because the blue duiker and tree hyrax occurred together, the characteristics of the patches they occupied were almost identical (Table 1) . Blue duikers occupied patches slightly larger (13% larger) but slightly closer to the mainland (19% closer). Samango monkeys, however, occupied much larger patches (approximately 10 times bigger) that were mainland or close to mainland ( Table 1) .
Fit of the Generalized Linear Models
Model fits proceeded via three stages: null, base, and best-fit. For all three species, the fit of the base model was significantly better than that of the null model Figure 2 (Table 2 ), indicating that the incidence function fit the data better than a constant and thus there was significant variation in occupancy of the patches. Because the patch occupancy of the blue duiker and tree hyrax were similar, we expected their base models to be close, and indeed they were (Fig. 3) . Both models had the same constant in the logit (Table 2) . They differed little in their positive response to increasing area (the coefficients in the logit differed by 7%). The probability of patch occupancy was Ͼ50% for both the blue duiker and tree hyrax if the patch was Ն5 ha and isolation distance was Յ0.25 km (Fig. 3) . Blue duikers and tree hyraxes therefore colonized small forest fragments.
Blue duikers were more sensitive to patch isolation than hyraxes, and their probability of patch occupancy declined faster with isolation (the coefficients in the logit differed by 47%). From the mainland-island metapopulation model (base model) the likelihood was Ͻ10% that a patch of small size (5 ha) more than 1 km from a mainland would be occupied by either blue duikers or tree hyraxes (Fig. 2) . This is commensurate with the observed maximum separation of 0.88 km of occupied patches from the mainland for these two species (Table 1) . In fact, the probability of occupancy of a patch by the tree hyrax or blue duiker was almost zero for isolation distances Ͼ1.5 km.
For samango monkeys, the base model had a more negative constant in the logit than for the other two species (approximately 80% lower), indicating that monkeys were less likely to occupy a patch than were both of these species for all combinations of isolation and area. The increase in patch occupancy with area for samango monkeys was slightly less than that for the other two species (by 19%), but there was no variation in occupancy with isolation.
Whether or not a patch was occupied by any of the species was determined differently by the land-use type in the matrix. If the forest patch was surrounded by plantation, it was twice as likely to be occupied by blue duikers than by tree hyraxes (Table 2 ). For example, the probability that a 10-ha patch 0.1 km from the mainland was occupied by blue duikers or tree hyraxes was 1.79% and 2.07%, respectively, but increased to 20.5% and 7.27% if the patch was surrounded by plantation. Both species had a similar but greater response to the land use denoted as "other" (compare constants to be added to the logit; Table 2 ), and patch occupancy rose to 57.4% and 63.3%, respectively. However, these are imprecise estimates, as the t values for these land-use coefficients were not significant (t Ͻ2; Table 2 ). Samango monkeys occupied only the larger patches, and the current land use in the matrix had little discernible effect on monkey patch occupancy in the model (Table 2) .
Other land use is characterized by higher levels of human activity, and the duiker and hyrax simply may be more noticed in these areas. Indeed, both blue duikers and tree hyraxes were reported more frequently close to human habitation (Table 2 ). For a 10-ha patch 0.1 km from the mainland, for example, the probability of patch occupancy increased from 1.79% to 19.3% for blue duikers and from 2.07% to 43.2% for tree hyraxes where the patch was close to human habitation. The likelihood that samango monkeys were detected was not influenced by proximity to human habitation. Curiously, human density in the matrix did not significantly affect the probability of patch occupancy by any of the three species. The final model for the tree hyrax showed that they were sensitive to disturbance caused by wood removal and burning. Hyrax occupancy was greater in patches where moderate levels of wood removal were observed (logit increased by ϩ2.74; t Ͼ 2), whereas patch occupancy decreased under conditions of high wood removal (logit declined by Ϫ2.01; t Ͻ 1), but the latter coefficient was not statistically significant (Table 2 ). For a 10-ha patch 0.1 km from the mainland, for example, the probability of patch occupancy increased from 2.07% to 24.7% for moderate wood removal and decreased to 0.28% for high levels of wood removal.
Frequent burning of the margins of small forest patches depressed their likelihood of occupancy by tree hyraxes. Moderate levels of disturbance caused by burning changed the logit by Ϫ2.30 for the tree hyrax, whereas high levels exacerbated the effect further by Ϫ3.33; both values were highly significant (Table 2) . For a 10-ha patch 0.1 km from the mainland, the probability of patch occupancy decreased from 2.07% to 0.21% for moderate burning and to 0.08% for high levels of burning.
Neither the blue duiker nor the samango monkey responded to any forms of within-patch disturbance effects. None of the species showed a response to livestock disturbance or general disturbance (i.e., past logging activities), which contrasts with earlier general findings for samango monkeys (Lawes 1992) . The final models for all three species showed excellent goodness of fit ( p Ͼ 0.99; Table 2 ).
Minimum Critical Patch Area
The area exponents, (i.e., the x factor in 1/A x of Hanski 1992), of the blue duiker, tree hyrax, and samango monkey were 1.501, 1.398, and 1.179, respectively, indicating a trend in which blue duikers are the least sensitive to area-dependent extinction from environmental stochasticity and samango monkeys the most sensitive. The minimum areas, a 0 , at which it is predicted that extinction will be close to unity (i.e., A 0 of Hanski 1994b) are 4.47, 5.97, and 44.39 ha for the blue duiker, tree hyrax, and samango monkey, respectively.
Discussion
We used species incidence functions to draw inferences about the processes on which metapopulation persistence hinges. We reformulated the mainland-island metapopu- lation model (Hanski 1994a; to include ecological attributes from the matrix surrounding the patches. In this way, forest patches are viewed as components in a landscape mosaic, which allows concepts in metapopulation and landscape ecology to be fused in a single application.
We showed that what happens within and among patches in a landscape is contingent on the composition and dynamics of other elements of the landscape mosaic (Wiens 1997) .
For the blue duiker and tree hyrax, the patterns of occurrence (Figs. 2 & 3) were consistent with a mainlandisland model (Boorman-Levitt metapopulation) of patch occupancy (Hanski 1997) . The probability of occupancy increased with patch area and decreased with distance to the nearest occupied patch. All three species occupied some large patches (mainlands) where populations are regarded as everlasting. The important finding is that, although blue duikers and tree hyraxes occupied patches close to a mainland (Ͻ0.88 km) even if they were small (Table 1) , samango monkeys only occupied forest patches of much larger size (Table 1) . Estimates of the minimum critical patch areas agreed with the homerange estimates for these species (e.g., samango monkeys, 45 ha [Lawes 1992 ]; blue duiker, 0.7 ha [Bowland & Perrin 1995] ). This suggests that dispersal by duikers and hyraxes unites the larger patches into what is essentially one large population, but dispersal is low enough to allow local extinctions on peripheral patches. Although the pattern of patch occupancy in these two species is probably the dynamic consequence of local extinction and colonization, it is the dynamics of the mainland populations that are important in the overall persistence of these populations.
Our interpretation of these incidence functions is mitigated by some of the model's limiting assumptions. The incidence models implicitly assumed habitat stability ( Hanski 1991 ( Hanski , 1994a ( Hanski , 1994b Hanski & Gilpin 1991; Thomas 1994a; Sjögren-Gulve & Ray 1996; Wiens 1997) . In other words, patches that become vacant through local (stochastic) extinction remain suitable for subsequent recolonization. Faunal extirpation, however, can be a deterministic population response to habitat degradation that leaves patches unsuitable for recolonization (Thomas 1994b ). This affects patch occupancy and extrapolated metapopulation dynamics. For example, we have shown that small samango monkey populations (i.e., populations in small forest patches) are demographically prone to extinction (Swart et al. 1993; Swart & Lawes 1996) and that small patches were seldom colonized. There were nevertheless 11 patches that were suitable in terms of size and isolation but that were not occupied by monkeys (Fig. 2) . This suggests that habitat quality or degradation may affect local extinction, although the effect of habitat quality (disturbance) on monkey patch occupancy was not implicated in the analysis. Consequently, the processes that create empty habitat, in this case mostly highly deterministic areadependent extirpation, are not all stochastic in nature, and, as Thomas (1994b) points out, the basis for a stable equilibrium between processes of extinction and colonization at the metapopulation level breaks down. Ideally, two or more surveys should be used to model the colonization and extinction processes separately (Thomas 1994b; Sjögren-Gulve & Ray 1996) .
Thus, the persistence of a metapopulation depends to a large extent on whether local populations are able to "track the shifting mosaic" of suitable habitat patches (Thomas 1994a) . We argue that differences in the metapopulation dynamics between the blue duiker, tree hyrax, and samango monkey stem mainly from differences in their ability to track their environment, an ability that depends on both the dispersal capability of the animal and the extent of connectivity in the landscape between suitably sized patches (Taylor et al. 1993; Wiens 1997 ) . In contrast to the samango monkey, patch occupancy by duikers and hyraxes was less area-dependent (they occupy small patches too) and less isolationdependent. The tree hyrax and blue duiker appear able to keep up with the shifting mosaic of their habitat, although local extinction is likely to be habitat-rather than area-dependent. The negative effects of fire and fuelwood removal on the probability of patch occupancy illustrate the latter fact. Tree hyraxes were more severely affected by moderate levels of wood removal than by high levels, perhaps because hyraxes den in the hollow boles and branches of large and usually dead or rotting trees. Moderate levels of wood removal would not affect these trees, but high levels may result in the removal of large, dead trees.
Although the samango monkey is potentially the most mobile of the species we studied, few patches (7%, n ϭ 199) were occupied. In fact, the final model did not include an isolation effect, showing that any isolation distance between patches was too much for samango monkeys to cross ( Table 2 ). The current pattern of occupancy by samango monkeys describes remnant populations that persist because of their relatively large size. With their poor dispersal ability and obvious area-dependent extirpation, samango monkey metapopulations, if they exist at all, are probably of the transient, nonequilibrium metapopulation type (Harrison & Taylor 1997 ). This type is characterized by local extinctions that occur in the course of a species decline to regional extinction (cf. Brown 1971), with recolonization occurring infrequently or not at all (Harrison 1991; Harrison & Taylor 1997) . Indeed, no functional metapopulation may exist. This view is supported by our previous model of samango monkey metapopulation persistence in which we investigated the influence of greater connectivity between patches (Swart & Lawes 1996) . In the absence of evidence to suggest that monkeys continuously disperse to patches where the population growth rate is negative (i.e., a sink), we believe that it is unlikely that a source-sink system (sensu Pulliam 1988 ) is operating.
The question is why are samango monkeys apparently poor dispersers. The dispersal capacity of the monkey appears to be constrained by life-history traits, especially its social group structure. Group dynamics provide a strong centripetal force that inhibits dispersal across hostile habitat (Recher et al. 1987; Laurance 1990; Swart & Lawes 1996) . This effect has been recorded among social arboreal marsupials in tropical rainforest patches on the Atherton Tableland (Laurance 1990 ). The most common means by which primate groups move out of an area in search of better ranging conditions involves the fission of a group and the emigration of one of the subgroups (Dunbar 1988) . This process has been recorded for the Cercopithecus mitis group (Cords & Rowell 1986 ; M.J.L., unpublished data), to which the samango monkey belongs. Fission and emigration is largely an intrapatch phenomenon, however, and it is not known if it would promote the dispersal of a subgroup across a hostile matrix. Samango monkeys do move outside their forest patches into adjacent Acacia (wattle) plantations to feed, and individual male monkeys may move into small patches near mainlands. Patch occupancy, however, was not significantly influenced by land-use type in the matrix in the final model, even though many of the patches occupied by monkeys were associated with plantations.
We believe that group dynamics in the samango monkey limit the frequency and likelihood of movement between patches. We could argue with equal plausibility, however, that relatively large size, low population density, and a specialized diet cause the samango monkey to be more negatively affected by fragmentation (cf. Laurance 1990; 1991b) than the smaller species we considered. In particular, these latter life-history traits may explain why the likelihood of occupancy of a patch by samango monkeys is area-dependent (Lawes 1992; Swart et al. 1993; Swart & Lawes 1996) .
Because sociality and other life-history traits are so highly confounded in this sample of species, it is difficult to test conclusively for the effect of sociality on dispersal and patch occupancy. The importance of life-history theory to the development of suitable management strategies is considerable, however. If sociality limits patch recolonization, then management focused on reducing disturbance in the matrix between patches will not improve patch occupancy by the samango monkey.
Creating corridors for easy dispersal may be feasible, but patches occupied by samango monkeys are associated with plantations (an arboreal corridor providing suitable cover). Nevertheless, this has not led to the colonization of connected patches. Samango monkey life-history traits require a large viable forest patch area. Identifying large habitat patches that are close to one another and minimizing disturbance in and on the edge of these patches is a prudent management strategy for this species.
Blue duikers and tree hyraxes persist as dynamic mainland-island metapopulations. They have demonstrated an ability to live in the smallest patches, under moderate levels of disturbance, and in a significantly human-altered matrix. For these two species, all forest patches are candidates for conservation action, not just the occupied patches. If the metapopulations of these species are to have a greater chance of survival, then management of the matrix is important. Reducing disturbance in the matrix may indirectly decrease the isolation effect. This should improve the ability of these species to colonize small patches and hence their overall levels of occupancy. Ironically, a severe form of matrix alteration, the establishment of commercial plantations, appears to provide cover and a corridor through which blue duikers and tree hyraxes can move, even though they are unable to live there. But the use of plantations to improve connectivity is of dubious value because of the problems it creates for other taxa (e.g., selective or differential filtering ; Noss 1991; Beier & Noss 1998) . Plantations are dispersal routes of low quality which may result in higher mortality rates, may act as demographic sinks, and ultimately may lower regional population abundance (Henien & Merriam 1990; Hess 1994 ). Hanski's (1994a Hanski's ( , 1994b claim that metapopulation models are a potentially powerful tool for forming management strategies for species living in fragmented landscapes is justified. Incidence-function metapopulation models "provide an attractive approach to making deductions about largescale long-term dynamics from spatial data which can be collected in a short time" (Thomas 1994b ). The value of incidence functions is improved greatly by including measures of the quality of the matrix and patches in the model and by considering life-history theory.
